Leafy vegetables are a food crop with higher protein and are also important source of minerals which are essential for good health. Due to the large consumption, it is necessary to decrease the arsenic (As) concentration in leafy vegetable to avoid the potential risk to human health. The current study is aimed at assessing arsenic (As) accumulation ability and identification of cultivars with less As concentration that could be grown in As contaminated farmland for food safety. A set of thirty two leafy vegetable cultivars from 5 species were compared in hydroponics for 2 weeks having moderate level of 0-control and 6 mg As L -1 . At harvest, plants were sampled and analyzed for As concentration. Significant genotypic variations were observed in the shoots As concentration, translocation and bioaccumulation factors revealing more than 8 and 25 times cultivar differences in shoot As concentration, and in translocation factors respectively. This result revealed that As concentration in shoot was in part governed by the greater ability of root-shoot translocation. Cultivar Sijibaiye (SJBY) had the lowest shoot As concentration while the highest was detected in Dayekongxincai (DYKXC). The average As concentration in roots were found to be ten to twenty times higher than those observed in shoots, indicating that there is restricted transport of As from the root system to the shoot of cultivars. Therefore, it has been suggested that there is possibility to lower the As concentration in leafy vegetables by selecting and breeding cultivars with less As concentration that can be safely grown in contaminated soils with the slight and moderate levels of As for safe consumption.
Introduction
Industrial activities such as mining, the disposal of industrial and municipal wastes in agricultural lands, excess use of fertilizers and pesticides have contaminated the large areas of agricultural soils with arsenic (As) in many countries (McGrath et al.2001) . These pollutants are especially harmful where vegetables are grown in contaminated soils, which not only reduce the plant growth but also cause health hazards to the human beings as well as animals. Islam et al. (2007) reported that crop species are regulated by genetic basis for heavy metal transport and accumulation. However, the toxic effects of As may cause high susceptibility in some cultivars than others. The genotypic variation in the different cultivars for arsenic concentration, as a strategy to reduce the movement of As from contaminated soils to edible parts of crop plants has been receiving close attention (Norton et al., 2012) . Researchers have developed the arsenic stress toxicity tolerant rice cultivars through locally-grown rice cultivars in Bangladesh, India and China (Norton et al., 2009 ). This will give a long-term effective and economical means of reducing As contamination in vegetables. Moreover, the fundamental requirement for breeding low As-accumulation cultivars is to know the genotypic differences and the mechanisms governing As accumulation in crops. Zia et al. (2011) found substantial genotypic variation in rice As accumulation, suggesting that genetic factors determined differences in As accumulation. Consequently, genetic variation in plants for uptake and translocation of As provides the potentiality to develop the cultivars with reduced dietary exposure to arsenic which either assimilates less As or restrict As translocation (Meharg et al., 2002) . As the arsenic cannot be removed from the contaminated soils, therefore, there is a need to develop locally adapted leafy vegetable cultivars which have less arsenic accumulation. The uptake and translocation of As in plants vary greatly not only among plant species but also among cultivars within the same species, thus, an effective way to face this problem is growing of more As-excluder vegetable cultivars. The objectives of this study were (1) to screen and identify the cultivars with less As concentrations that can be grown in As contaminated farmland for food safety, (2) and also to obtain information on the basis of their genetic variation in the shoots As concentration.
Materials and methods

Plant Material and Preparation of Seedlings
Seeds of 32 cultivars of leafy vegetable belonging to 5 species including Romaine (Lactuce Sativa var. longifolia), Lettuce (Lactuce Sativa), Celery (Apium graveolens L.), and water spinach (Ipomea aquatica) (Table  1) were purchased from Chinese Academy of Agricultural Sciences, Beijing P. R. China and were cultivated at Institute of Environment and Sustainable Development in Agriculture, Beijing, China in 2012. The seeds were surface sterilized with 30% H 2 O 2 for 15 min, rinsed five times with distilled water were sown in plates containing autoclaved vermiculite. On the 7 th day, at third leaf stage, the healthy and uniform sized seedlings were carefully removed from vermiculite, and washed with distilled water then transferred to hydroponic bottles each containing 1500 ml of full-strength of modified Hoagland and Arnon with pH adjusted to 6.3 by using NaOH or HCl for 10 days. Nutrient solution was renewed twice a week.
Hydroponic Screening
On the 21 st day of transplant to the hydroponic bottles, the As in the form of As(V) Na 3 AsO 4 .12H 2 O was applied at the concentration of 0-control and 6 mg As L -1 as the treatment in the basic nutrient solution for 14 days. There were four replicates for each cultivar and each replicate comprises four plants. The As treated nutrient solution was renewed once a week. Plants were grown in hydroponic bottles for 35 days, and then harvested. The shoots and roots of all harvested plants were separated carefully, washed with water, and then rinsed several times using deionizised water to remove adhering particles. These samples of roots and shoots were gently packed in envelopes. The concentration of As in cultivars was determined using Atomic Fluorescence Spectrometry (AFS) following the procedure described by Smith et al. (2009) . Statistical analysis was performed by using SPSS software version 16.0 and Sigma Plot 10.0.
Kinetics of As(V) uptake
After 4 weeks of growth before the uptake experiment, the seedlings were transferred to the deionized water for 5 days, and then uniform seedlings from TXYLS and SJBY were selected washed from root system and transferred to plastic bottles containing 1200 ml of As uptake solution. Each bottle was wrapped with opaque plastic membrane. Eight different concentrations of arsenic (0, 0.5, 1, 2, 4, 6, 8, and 10 mg L -1 ) were used to study the uptake kinetics of arsenic. Each treatment was replicated three times. Each 1200-mL container had 4 plants. The pH of the nutrient solution was maintained at 6.3. At each time interval (0, 0.5, 1, 2, 4, 6, 8, 10, 12, 22 , and 24 h), sample of 1 ml was withdrawn from each uptake solution to measure depletion in As, as a result of its uptake by plants, the depletion period was for 24h. Water losses through transpiration and absorption were compensated by additions of deionized water at hourly intervals. After 24h of uptake experiment, the plants were harvested and quickly rinsed with distilled water. The plants were separated into roots and shoots, blotted dry with paper tissue and dried at 65°C for 72 h, and the dry weights were recorded. Arsenic concentrations were determined as previously described.
Calculations of As Uptake Rates and Kinetic Parameters
The amount of uptake rate (V [mg As g -1 shoot d.wt.hr -1 ]) was calculated from the depletion of As in the uptake solution. As uptake by the plant per unit time per gram dry weight was calculated according to the following formula: (Ajaelu et al., 2011) .
Where Vi, Ci Vf, Cf and B d.wt are the volumes (V) and quantities in mg/L of substrate in solution at the start and the end of uptake experiment, and t is the time in hours and B dwt is the biomass dry weight of the plants, respectively. The reduction in the volume was very small, so this was not taken into account in the calculation.
The Michaelis-Menten Equation is:
. In order to obtain the kinetic uptake parameters representing the maximum uptake rate (Vmax) and the half saturation constant (Km), by plotting 1/V against 1/[S] will give a straight line graph having a slope of Km/Vmax and a y-intercept on the ordinate at 1/Vmax. From this plot, the Km and Vmax values of arsenic uptake were determined by linear regression analysis, thus giving a convenient method for obtaining both Vmax and Km.
Statistical Analysis
All data were performed using One-way analysis of variance (ANOVA), using SPSS software version 16.0 and Sigma Plot 10.0. Significant differences among data were evaluated with the least significant difference (LSD) test at a 5% probability level. The tolerance index (TI) was expressed on the basis of root and shoot biomass, calculated as the following:
The translocation factor (TF), bioaccumulation factors (BCF) and As accumulation in shoot were calculated as follows: 
Results
Genotypic Variations in Shoot As Concentration and Accumulation
As it can be seen in table 2, very wide genotypic variations in the average shoot As concentrations and accumulations among 10 cultivars of celery, 6 of romaine, 5 of lettuce, 6 of amaranth and 5 of water spinach, which were tested under As treatment (6 mg L -1
). Out of the 32 cultivars, As concentrations ranged from 14.07 to 112.16 mg kg -1 dry weight (8-fold variation). The average As concentrations in root was ten to twenty-two times higher than that in shoot (root > shoot) as an indicator for translocation ability from root to shoot. Figure 1 shows the variations among vegetable species in terms of As concentrations ranging from 14.065 to 20.555, 16.918 to 27.030, 21.418 to 47.778, 29 .54 to 87.51 and 91.470 to 112.160 mg kg -1 dry weight for Lettuce, Romaine, Amaranth, Celery and Water spinach, respectively. Lettuce was significantly lower than romaine, amaranth, celery and water spinach. There were significant genotypic differences (P < 0.05) which accounted for 12.54% of the variation among them. The main results were shown as follows: there was a greater difference among species and different cultivars and were also significantly different in the ability to accumulate As. SJBY had the lowest shoot As concentration (14.065 mg kg -1 dry weight), followed by GYYYS, HYSJYWJ, XYRW, JQSC, YYWJ, etc. While the highest shoot As concentration were detected in DYKXC (112.160 mg kg -1 dry weight), followed by JYYKXC, CGKXC 2, CGKXC 1. It was so interesting that five species could be placed into 3 groups and can be differentiated corresponding to: (a) high, (b) intermediate and (c) low arsenic. Arsenic concentrations in shoot of 5 species were found to follow the trend: Lettuce <Romaine< Amaranth< Celery< Spinach (Figure 1 ). Shaibur et al. (2009) reported that the specialty of water-spinach is that it accumulated higher concentrations of As in shoot without showing visible toxicity symptoms. This was very similar to what we found in this study.
Arsenic accumulation
The data presented in Table 2 shows the amounts of arsenic (As) accumulated in the shoot of 32 cultivars. The values are expressed in μg-1 pot dry weight each calculated from the formula: (dry weight × As concentration) and they show significant different (p <0.05), as mentioned in Table 2 
Genetic Variations in Root-to-Shoot Transport and Nutrient Solution-to-Plant
Translocation Factor (TF)
The TF can be used to evaluate the ability of the plant to translocate arsenic from the root to shoot. As shown in table (4), the average TF differed greatly among cultivars (p <0.05). The root-shoot translocation factor ranging from 0.010 to 0.251. The lowest TF was found in DYQ while RBXXQ showed the highest TF, similar to As accumulation. The results revealed twenty five fold genotypic variation in root-shoot translocation ability. In addition, among 32 cultivars, the TFs of 12 cultivars were not significantly different. The translocation factor (TF) was calculated by dividing the As concentration in the shoot by its concentration in the root.
Bioaccumulation factor (BCF)
The quotient of the As concentration in shoot to that in nutrient solution can be used to evaluate the ability of plants to accumulate heavy metals. Table 4 shows the average BCF of 32 cultivars under As treatment (6 mg L-1), ranging from 2.34 to 2.95, 2.82 to 4.51, 4.92 to 12.83, 3.573 to 7.965, 15.25 to 18.695 for lettuce, romaine, celery, amaranth and water spinach, respectively. The lowest BCF was found in lettuce (SJBY cultivar) and the highest BC was detected in water spinach (DYKXC cultivar), which was up 18.695. 
Depletion of As concentration in nutrient solution
The uptake time is one of the most important factors affecting the uptake of heavy metals by plants. Short-term, time-dependent arsenic depletion from hydroponic solution was measured at a series of different time intervals ), g 6-8 ng is er As e due www.ccsenet.org/ep Environment and Pollution Vol. 3, No. 3; 2014 to the inability of plant to translocate As beyond the roots (Smith et al., 2009 ). These results reveal that genetic variability for As accumulation exists within a species/cultivar. It can be concluded that this large genotypic variation in shoot As concentrations shows that there are opportunities to select for low As cultivars As and to breed cultivars that can be used in contaminated agricultural land.
In this study, three groups of species could be differentiated, species with low, intermediate, and high shoot As concentration (Figure 1) . The reasons for differences in As concentration in these species might be greater ability of As uptake, translocation ability and high biomass. For example, in this study water spinach and celery species had the ability to accumulate more arsenic with average concentrations of 100.97 mg kg -1 and 58 mg kg -1 in their shoots. Our results are consistent with others studies who have indicated that leafy vegetable spinach contained higher concentrations of As in shoots (Shaibur et al., 2009 ). Moreover, people may intake much amount of As without knowing the presence of high As in the vegetable. However, among 5 group of species, lettuce had the lowest average shoot As concentration (16.95 mg kg -1 dw) followed by romaine (22.28 mg kg -1 ) and amaranth (30.87 mg kg -1 ), similar trend was observed with other studies, Warren et al. (2003) detected 6.8 and 17.8 mg kg -1 dw in lettuce grown in soil that received As. In addition, Munoz et al. (2002) also reported a lower range of As concentrations in lettuce (0.68 to 4.5 mg kg -1 dw.). Therefore, high As concentrations in the root and low translocation to the shoot in these group species may suggest that leafy vegetable cultivars had a high tolerance to As and it mainly accumulates As in the root. On the other hand, water spinach group species had the highest average shoot As concentration (100.97 mg kg -1 ) followed by celery (58.059 mg kg -1 ) when compared to other group species, which visibly demonstrate that the translocation of As was higher from the root to the shoot, which suggest that these species should be examined for phytoremediation potential.
In this study, the results indicated that cultivar was the key factor controlling the As transport into shoot and may lead to a large variation in leafy vegetable cultivars. Zia et al. (2011) found that As concentration in rice grain was affected by soil type (69% and 80%), followed by genotype (9% and 10%), among 38 rice varieties. Our results demonstrated that, leafy vegetable uptake might depend on vegetable cultivar and the rate of arsenic concentration under hydroponics.
Growth Response of Vegetable to As Toxicity
Under the same arsenic level, all cultivars seemed healthy, green and still alive and without showing any toxic symptoms (Figure 3) , except for visible growth reductions. For most of the tested cultivars (69%) showed a tolerance index higher than 90%; this result indicates that leafy vegetable had considerable tolerance to As. In this study, the shoot biomass and TI were used as indicators to evaluate As toxicity to leafy vegetable. The results showed that almost all cultivars produced greater or similar shoot biomass except DYQ, YYBXC and BYXC, were able to cope up with 6 mg L -1 As stress with the maximum reduction less than 50% (Table 3) . This dose (6 mg L -1 ) is much higher than normal As level in the Chinese soils and in heavily contaminated soils. Therefore, it is possible to grow leafy vegetable in As contaminated agricultural land. Consequently, farmers may not get sufficient warning about the toxic concentration of As in leafy vegetable based on yield change alone.
The Important Factors Affecting As Uptake by Cultivars
In this study, the transport of As from nutrient solution to root and shoot of the cultivars, different acquisition abilities of root for As, variation in the capability to absord As and accumulation abilty were the main important factors which resulted in cultivar difference. The results revealed that all the cultivars had TFs less than 1, (17 fold variation) and (8 fold) in BCF, indicating that As was limitedly transported into the shoot. Therefore, these leafy vegetable cultivars can be considered as a As excluder (Baker and Whiting, 2002) , comprising avoidance of metal uptake and restriction of metal transport to the shoots. This is consistent with the results reported by Huang et al. (2005) using lettuce and when compared with other plants such as Pteris vittata (Francesconi et al.,2002) , the As concentrations were high in the shoot (aboveground) than in root, also the TFs were greater than 1.0. Wei et al. (2005) found that the exclusion of metals from shoot has been regarded as a metal tolerant strategy. Metals, once taken up by roots, can either be stored in the roots or exported to the shoot.
Identification of Genotypes with Low-As Uptake
Hydroponic identification has the advantage of rapidness, environmental control, and repetitiveness, which is optimal for screening a large number of cultivars. However the identification in field provides direct evaluation, but it is time-consuming and costly (She et al., 2011) . Hydroponic has already proved useful for screening interesting properties in plants (i.e., arsenic tolerance or accumulation), and the result can be confidently extrapolated to field conditions (Moreno et al., 2010 ). An important aspect of this study was to establish a screening and identification system for cultivars with the ability to accumulate less As in shoot that would be applicable on uniform arsenic-contaminated farmland. It should be noted that up to now, there is no scientific rules for hydroponics screening of cultivars like leafy vegetable that could be applied to identify suitable cultivars. To our knowledge, the number of hydroponic tests performed to study low As accumulation in shoot among different leafy vegetable species/cultivars is rather small and most of studies have been investigated on As hyperaccumulation. Results are therefore hardly comparable between different experiments and different species.
Screening of cultivars to be grown on contaminated farmland involves several criteria which may vary, but generally include consideration of tolerance and accumulating ability of the cultivar in response to the specific metal (Liu et al., 2009 ). Based on the previous literature and our research, we proposed three rules that were selected as a criterion. (1) Tolerance property, (2) As translocation factor and (3) lower As concentration in their shoots. It is well-known that some plants can grow in heavy metal contaminated soils without accumulating significant amounts. These types of plants are called excluders. Besides, Baker and whiting (2002) , suggested that excluders can be characterized by TF less than 1.0, whereas in accumulators TF is more than 1.0. Therefore, due to the different growing environments, the same rules use in this study may have different effectiveness in field and pot identifications. Based on the average shoot As concentration among 5 group of species, water spinach appears to be relatively high accumulator of As and thus it could be argued that this species could probably not be suitable to be grown on farmland with elevated As level. Celery also exhibited relatively high accumulation concentration and should probably be avoided on As-contaminated soils. On the other hand, lettuce and romaine species appear to accumulate less As concentration and so would be suitable species to grow. Amaranth had intermediate As concentration, but the significant differences among cultivars and the arsenic uptake ability based on kinetic parameters indicate that SJBY is the most suitable for minimizing As intake on As contaminated soils. When shoot/root quotient (TF) was taken into account, according to Baker and Whiting (2002) who suggested that excluders are characterized with TF <1.0, as showed in table 3-5, all the cultivars had TFs <1.0 and thus 12 cultivars were significantly lower than other cultivars. However there were selected as suitable cultivars. we also tried to confirm regarding to their tolerance to As stress; most of the tested cultivars (69%) were tolerant showed a tolerance index higher than 90%, thus, only two cultivars was identified to high TI compared to others and when BCF was further considered, 17 cultivars appeared to have significantly lower BCF than other species. In general, if the tolerance to As stress, arsenic concentration, TF, BF are all considered in the study, lettuce species (e.g SJBY) was the most appropriate cultivar for planting in arsenic contaminated farmland.
Conclusion
A hydroponics screening methodology was used in this study to screen and identify cultivars for low-As concentration ability in order to be grown on arsenic contaminated farmland. The results obtained exibit the existence of genotypic variations in the shoot As concentration among 32 cultivars under arsenic treatment (6 mg/L). Distinctive differences were also identified when comparing species to another. Lettuce and romaine species tending to be low accumulators, amaranth species tending to be moderate accumulator, and water spinach being high accumulator. The TFs of all cultivars were lower than 1.0. This detailed study was effective in providing complete information regarding the variation of arsenic concentration and accumulation in different cultivars based on the results from hydroponics.
It can be also concluded that our results could aid rapid development of leafy vegetable genotypes with decrease As accumulation in shoot by selection and bredding techniques while great care is needed for using lettuce cultivars. The selected cultivars had considerable tolerance to As according to their shoot biomass, except in DYQ and BYXC.Thus these cultivars can be cultivated in arsenic contaminated areas without any major risk of significant, considering the shoot biomass alone. Based on the hydroponic experiment alone, SJBY could be finally identified as suitable cultivar to be grown on arsenic contaminated farmland with low arsenic contaminated soil.
These results suggested that the uptake, translocation and accumulation of As in the cultivars may be strongly linked to genetics and associated to As concentrations in the plant, cultivars differences and the retention of As in the roots. Therefore, it seemed worthwhile to carry out similar screening tests with a larger number of cultivars of other species. In addition, further research comparing the different leafy vegetables under hydroponics, pot condition and field condition would be of great interest. 
